&-w

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE

No. 1403
AUG 14 Lyd]

WIND-TUNNEL INVESTIGATION OF THE EFFECT OF TAB BALANCE ON
TAB AND CONTROL-SURFACE CHARACTERISTICS
By Jack D. Brewer and M. J. Queijo

Langley Memorial Aeronautical Laboratory
Langley Field, Va. -

FOR REFERENCE
STNBT 75 BE TAKEN FROM THIS ROOM 7> |

~WE

Washington
August 1947

N A C A LIBRARY
LANGLEY MEMORIAL AM:ONAUTICA]
LABORATORY

Langley Fleld, Yo -




b

NATTIONAL, ADVISORY COMMITTEE FOR AERONAUTICS

mcmcwlm 31176 013;'751_7_3“_

WIND-TUNNEL INVESTIGATION OF THE EFFECT OF IAB BALANCE ON
TAB AND CONTROL~SURFACE CHARACTERISTICS

By Jack D. Brewer and M. J. Queijo
SUMMARY

An investigation was conducted to furnish data on the effect
of tab balance on tadb and control-surface characteristics. The
airfoil tested had a modified NACA 65,-012 contour with & plain
flap having a chord equal to 25 percent of the wing chord and with
a tab having a chord equal to 25 percent of the flap chord and
having several nose shapes and overhang lengths.

The results of the investigstion indicated that, in general,
tab balance affected tab hinge-moment charauteristics in much the
same manner that flap balance affecte flap hinge-~moment character—
istics. A moderate amount of teh balance dld not meem to have any
adverse effect on flap hinge-mcwent characteristics. Transition
strips placed near the leeding edge of an airfoil yeduced the effec—
tiveness of either plain or balanced tabs. Opening the tab gap
reduced the tab effectiveness, but the reduction becams less as the
tab balance was 1ncreased.

Application (by an approximate method) of the results to two
typical airplanes indicated that the addition of overhang balance
tc spring tabs was an effective means of reducing the control forces
of spring-tah ailerons. Tabs with sealed internal balances wsre
gonerally less effective in reducing aileron control forces than
tabs with round-nocse overhangs of ths same belance length.

INTRODUCTION

Scme means of balancing the excessive aerodynamic forces on the
control surfuces have been found necessary in the designs of large
alrplanes and hlgh~speed airplanes. Resulbts of tests reported in
references 1 to 3 show spring tabs to be one of the most effective
means of obtaining asrodynamic balance. In some cases, however, the
control forces become quite large even with a spring-tab arrangement.
A spring—tab analysis presented by Gates of Great Britalan indicates
that a large part of the control forces for spring—tab ailerons may
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result from teb hinge moments. Socme date {(references 4 and 5) are
avallable on plain-tad hinge momente dbut little, on balanced-tab
hinge moments. The present tests were conducted in the 2%- by 6-foot

test section of the Langley stability tunnel to provide such tab date
in order to investlgate the practiceblllty of using tab balance to
reduce control forcea. The effects of transition strips and tab gap
on hinge~moment characteristlcs were also investlgated.

SYMBOLS

cy alrfoll section 1ift coefficlent _
dhf flap (or eileron) sectlon hinge-moment coefficient
cht teb section hinge-moment coefficient
PRf resultant flep (or aileron) balance—pressure

coefficlent (;Ef - Pe

Lower ~ *Upper:

P. resultant tab balance-pressure coefflclent (P -

R, ~pres ' : (tLower _ PtUppez)
bp pressure coefficient above or below flap (or aileron) seal
Py pregaure cosefficlent above or below teb seal
c chord of basic alrfoll with flap and tab neutral, feet
Cp flap (or aileron) chord from flap (or alleron) hings line

to tralling edge with tab neutral, feet
Cy tab chord from tab hlnge lins to trailling edge, feot
Cy flap (or aileron) balance chord, dlstance from hinge line to
£ a polnt mldway between points of atbachment of flexible
seal of sealed Internal balance, feet
Cy, tab balance chord; distance from tab hinge line to leading
t edge of exposed overhang bslance or to a point midway
between points of atbachment of: flexible seal of sealed
internal balance, feet '
y1 distance from plans of symmetry to Inboard snd of alleron,

feot _
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Yo distance from plane of symmetry to outboard end of ailerbn,
feet
5% flap (or aileron) def;ection with respect to airfoll, degrees
ABgp totel deflection of right and left flaps (or_ailerons),.degrees
Sy, tab deflection with respect to flap, degrees _
o " angle of attack, degrees

trailing-edge angle, degrees (See fig. 1.)

F control force, pounds

Ky ratio between angular deflection of control (stick or wheel)
and aileron deflectlion with spring tab fixed

kg ratio between angnlar deflection of contxol (stick or wheel)
‘end tab deflsction with aileron fixed

k3 spring constant, ratio of control (stlck or wheel) force to

spring—-tab deflection when aileron is held fixsed and
airspeed is zero, pounds per degreo

Fy,8,"' correlation factors defined on page 41 of.referencg 9

v indlcated airspeed, miles per hour
/}.cht - cht
afBalauceJ. tab “Plisin tab )
Acy = C : ~ Ch
© hy b
Bt BtBalanced tab Stplain tab
(Bc1
af’ . : T ’ - S

_ acz
l5s —<§5¥

()
°hfa "\ 5
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The subscripts outside the parentheses of the foregoing partial =
derivatives indicate factors held constant during measurement of
the derivatives,

APPARATUS AND TESTS

The tests of the nresent investigation were conducted in the
Ql by 6-Ffoot test section of the Langley stability tunnel. The

model had an airfoil chord of 2 feet and spanned ‘the throat of the
tunnel. Photographs of the model in the tunnel are presented in
figure 2. Tho part of the model forward of the T5-percent-chord
station was made of laminated mahogeny and hLad an NACA 65 ~012
contour, but from the 75-percent--chord station to the trailing edge
the wing had flat sides forming a trailing—edge angle of 13.5°.

The ordinates of the modified airfoil are given in table L.

The model had a plain flap constructed of laminated mahogany
with a stesl central web to which a steel tab was attached; the flap
chord was 25 percent of the airfoil chord. The tab had a chord equal
to 25 percent of the flap chord and was equipped with several brass
nose pieces of various shapes and overhang lengths. The dimensions
of the flap.and tab are shown in figure 1. The ordinates of the tad
ncse shapes are given in table II.

The part of the model forward of the T5—percent-chord station
was attached rigidly to disks that were mounted flush with the tunnel
walls, Clearance gaps of approximately 1/15 inch were left between
the disks and the ends of the control surfaces,

The lift on the model was measured with an lntegrating mancmeter;
flap hinge maments were measursd with a calibrated spring balance; tadb
hinge momonts were measuired by calibrated slsectric strain gages; and
the pressure differences (resultant balance pressures) were msasure
by U~tube manometers. . .

All of the tests wore made at a dynamic pressure of 155.5 pounds
per square T The corresponding Reynolde number and Mach number
are 4.59 x 10 and 0.34, respectively.

The greater part of the tests were made with transltion strips
attached to the upper and lower surfaces of the model. The transition
strips were made by cementing No. 60 carborundum grains to Scotch
cellulose tape in a strip % inch wids.  The- tape was attached to the

model so that the leading edgses of the carborundum strips were at the
1.0—percent—chord station.
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Teste were made with the tab gap sealed and open for the
round tab nose shapes (gap = 0.004c). The tab gap was open for
all other tests, The flap gap was sealed for all tests.

CORRECTIONS

Corrections applied to the test data for the effect of Jet
boundaries are based on the equations of reference 6. The mothods
of reference 6 were extended in order to obtaein the corrections to
flap hinge-moment coefficient and resultent balance-pressure coef—
ficlent. The equations used ih making the corrections were:

Cz = 0-96301'

=al! + 0.
o =at' + 0 23lc3(5f=o°,8t=0°)

cnp = ohf' + 0,00S?cif'

Pn = P, ' — 0.042c,!
Rf Rf 1

Primed values refer to the uncorrected value.

The corrsctions do not take into account the tunnel-wall
boundary-layer effects or the effects of the gaps between the ends
of the control surfaces and the end disks. The angle—of-attack
correction does not take into account the small effect of 1lift
resulting from tadb and flap deflections. The corrections for
ch~b and fox PRt ‘were found tc be very small and were neglected.

RESULTS AND DISCUSSION

Prosentation of Data

The data are presented as plots of airfoil section 1lift
coefficlent, flap section hinge-momsnt coefficient, tadb section
hinge-moment coefficient, and the resultant flap balance-proessure
coefficient as functions of flap deflection, for all model confi-
guratlions tested, in figures 3 to-19. The resultant tab balance—
pressure coefficient 1s presented for the plain tab only in fig-—
ure 3(d). The same coefficients are plotted against angle of attack
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in figures. 20 to 27 (for ®p = 0° and By = 0°). Parameter values
obtained from these figures are presented in teble III. The effects
of tab noss shape and tab overhang length on the tab hinge-moment
paremeters are shown in figures 28 and 29. Figure 30 shows the
effect of tab balance on flap section hings-moment coefficient.

The effects cf fixing trensition and of sealing the tab gap on tab
hinge-moment parameters are indicated in figurs 31.

Effects of Tab Nose Shape and Overhang
In figure 28 the parameters c¢ c and ¢
£ P htd.’ ht'sf, ht'é

become more positive as the nose shepe is changed from sharp to blunt
or as the tab overhang is increased. In general, the parameters ars
affected by tab balance In the manner that shouii bs expected on the
basls cf previously obtalined test results for the effects of flap
balance on flep hinge-moment characteristics (references 4, 7, and 8).
Neither tab overhang nor tab nose shape generally has any appreclable
effect on the parsmeters Chey | or Cp, - The tab hinge-moment

7 . .

effectiveness increases as the tad nose shape 1s changed fraom sharp
to blunt. TIncreasing the tab overhang length causes the tab to
become more effective with the blunt and round nose shapes but causes
irregular results for the tab with the elliptical and sharp nose
shapes.

;A correlation of the effectz of overhang halances for ailerons
is expressed (equations (23) and (2k) of reference 9) in terms of a
factor ¥y related to overhang length and a factor Fsy' related
to balance nose shape. The relations of these factors to the geométry
of the balance are glven in reference 9. The corrslation has been
applied to the tab balances of the present investigation and the
results are compared with the experimental values of the parameters
cht and Ghta : The compasrison given in figure 29 shows that

applicatjon of the correlation, in its present form, to tabs results
in overestimating the effects of the balances on tab hinge moments.
The poor agreement between the present experimental results and the
correlation probably is caused by the large difference between the
tab—-chord retio (ct = 0.06¢c) of the present teste ahd the alleron—
chord—ratlio range ?cf = 0.155¢ to 0.30¢) used in developing the
correlation. Symbols representing different’ nose shapes Ffor constant
‘overhang lengths and pymbols representing different overhang lengths
for constant nose shapes fall close, however, to the same line. This
agreement indicates that the relative importance of nose shape and
overhang length is given accurately by the presént correlation. There-
fore, the correlation given in reference 9 can possibly be made ‘o
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apply to almost eny control surface or .tab if factors related to
the chord ratio were nged in addition to the factors F, and Fe'.

Figure 30, & plot of flap section hinge-moment coefficient
againgt flap deflection for various ratios of tab deflection to flap
deflection shows that the presence of a round-tab balance of O. 50c¢y,
length does not greatly alter the effect of the tab on the flap
hinge moments. Because a rather extreme tab balance was used for
thls camparison, tab balance, apparently, is not liksly to have any
serious adverse effects on flap hinge-moment characteristice for
practical installations,

Effects of Transition Strips and Tab Gap

The effects of fixing transition and of sealing the tab gap on
hinge-moment parameters are shown in figure 31. Placing transition
stripg at the 0.0lc station causes all the hinge-moment parameters
except cht to become less negative than they were for the condition

of transition gtrips off; cy,. becomes less posifive.
htm

Opening the tab gap causes Che and chfﬁ to become less
& _ f .
negative but generally has little effect on Cly, s Cht s and
le? B

Chy. + The tab-effectivensss parameter chfs becomes less negative

t
when the tab gap is unsealed, but the change is much less for a
balanced tab than for a plain tab.

Application of Data to Two
Typical Airplanes

In order to 1llustrate the sffects of tab nose shape and teab
overhang length on aileron control forces, the hinge-moment data
obtained in the present investigation were applied to two typical
airplanes having the characteristics listed in table IV. Airplane 1l
is a typical fighter—type airplane and airplans 2 is a typical large
(transport or heavy bamber) eirplans, The ailerons were assumed to
be equipped with spring tabs having various spring strengths. . -

The control force per degree aileron deflection was estimated
for each of the tab-nose configurations and for several assumed
aileron balances at an assumed indiﬂated airspeed of 300 miles
. per hour, .
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The procedure used for estimating the aileron control forces
is necessarily approximate since the calculations are based on two—
dimengional data. FReliable aspect—ratio corrections for the hinge-—
moment parsmeters of partial—span control surfaces or for tabs have
not been developed. A qualitative indicatlion of the effects of tab
nose shape and teb overhang length on control forces 1s believed,
howeve:, to be obtainable by neglecting all aspect-ratlo corrections
to the hinge-moment paremeters. A correction must be applied to the
airfoil section tab-effectiveness paramster chf however, when

8

the teb span-is less then the alleron span. The tab correletion
given in reference 9 was used to evaluate this correction. On the
basis of this assumption, calculstions of the control force per -
degree alleron deflection have been made by mesns of equation (LO)

of reference 9. Because of the limitatlons of the method that have
besn pointed out, the absolute values of the control force per

degree alleron deflsct*on are not conslidered to be of much significance,
but the trends indicated by variation in the tab configurstion are
believed to be relieble. The hings-moment parameters of aslilerons

or tabs wlth sealed internsl balances were calculated by methods
described in reference 10 by use of the hinge-moment parsmeters of
plain sealed sllerons and tabs and the resultant balance—pressure
paraemeters. The results of the calculations are presented in

figures 32 and 33 as plots of control force per degree alleron
deflectlon ageinst tab overhang length for the nose shapes tested

end for several assumed values .of aileron balance zud spring.strength.
Filgure 32 presents the resulte obbtained for airplane 1 and’ figure 33
presents the results obtalned for airplane 2.

In'general 'increasing the tab overhang length or the bluntness
of the tab nose shape decreases the control force. The results.
presented in figures 32 and 33 heve been summarized in figure 3k,
which shows the ratlo of control force with a balanced tab to conbrol
Torce with a plain tab plotted ngainst soring constant for various
values of alleron balance. Figure 3k shows that the effectiveness
of the tab balsnce in reducihg control force is practicelly inde—
vendent of aileron balance and that the effectiveness decreages as the
valus of k3 increases.  The greatest percent of reduction occurs

for the servotadb (k3 0). : : S

Calculations were made of the control forces for several assumsd
sealed internal belances-on the tab by using the plain teb data and the
tab balancé pressures. The results are plotted in figure 35. Control-—
force curves obteined from figures 32 and 33 for the tebs with round—
nose overhsngs are included in Tigure 35 for comparison. In general,
the control 'forces for'a sealed internally belanced tab with a plain
nose eré greater "thaeh.for e tab with a round nose overhang of the same
balance lengtli.
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Figure 36 shows the variation of control force per degree
alleron deflection with airspeed for verious ailleron and spring—
tab balence conditions and indicates the great reduction in control
force posslble with balanced spring tabs throughout the speed range.

A1l of the foregding control~force resulte were calculated by the
comparatively simple method given in reference 9, which assumes
linear variations of aileron and tab hinge-mcment coefficients with
aileron deflection, spring-tab deflection, and angle of attack. A
more difficult, but more asccurate, method considering the actual
nonlinear aileron and teb curves 1s given in reference 1ll.. In order
to check the validity of the control-force results obtainéd by the
linear method, a plot showing the effect of tab balance on the
variation of control force with aileron deflection is presented in
Pigure 37, as determined by references 9 and 1l. Albhough differences
in the two sets of results exist, especially at large aileron deflec—
tione, figure 37 shows that the trends indicated by the results
obtained from the linear method are relieble.

CONCLUSIONS

An investigation was copducted in the 2%— by 6-foot test section

of the Langley stability tunnel of a itwo-dimensional wing model
having e modified NACA'65I~012 contour with a plain flap having a
chord equal to 25 percent of the wing chord and with a tab having
several nose shapes and overhang lengths and having a chord equal to
25 percent of the flap chord. The results of the investigation and
the application (by an approximate method) of the results to aileron
control forces indlcated the following conclusions:

1. In general, tab hinge-moment characterietics were affected
by tab balance in much the same way that flap hin¢e—mdment charac—
teristics are affected by flap balance, - .

2. A moderate amount of tab balance would have no adverse - p
effect on flap hinge-mament characteristics,

3. The tab effectliveness decreased when transition atrips were
placed near the leading edge of the airfoil. Opening the teb gap
reduced the tab effectivensess, but the reduction decreased as the
tab balance increased.

4, The addition of overhang balance to spring tabs was en
effective means of reducing the control forces of spring—tab ailerons.



NACA TN No, 1403 1L

;5;? Tabs with sealed internal balances wore generally less
effective in reducing ailevron control forces then tebs with rouni~
noge overhangs of the samse balance_length.

Langley Memorial Aeronautical Laboratory
Naticnal Advisory Committee for Aeronautics
Langley Fisld, Va., June 10, 1947
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TABLE I
ORDINATES FOR MODIFIED NACA 65,-012 ATRFOIL

fSta'bion and crdinates in percent airfoil chord._]

Station QOrdinate
0 0
1.25 1.39
2.50 1.88
5.00 2.61
7.50 3.17
10.00 - 3.65
15 4.40

20 k.97

25 5.41
30 5.72
Ty 6.00
50 5.76
€0 h.gh

70 3.7h

15 3.06

g0 2.46

85 1.87

S0 1.28 )
95 0.69.

100 0.10

L. B, radius: 1.00

NATTONAL ATVISQRY
COMMITTEE FOR AEROMNAUTICS
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TABLE IT

ORDINATES OF TAB NOSE SHAPES

[Station and ordinates in percent airfoil chord; stations
measured from forward end of overhang]

Ordlnates
0.35¢y, overhang 0.50cy, overhang
Station :
Blunt | Round | El1liptical | Sharp | Round | Elliptical | Sharp
noge nose. noss io8e nose Iio8e Nnose
0 0 o} 0 0.063 0 0 0.063
.063 5191 .34k 227 086} .361 .191 .078
125 B Ty .322 L1101 .503 275 094
.208 8751 .60k 406 141} L6355 .355 116
.313 L0581 713 489 ABr ) LTBT A3l b2
458 | 1,020 .823 579 .2361{ .915 515 .179
625 | 1,020 .908 .658 299 ¢( .975 .591 222
792 | 1,003 .957 .718 3621 1.035 .652 .264
.938 9851 .97k . 759 L4181 1..053 .697 .301
1.146 .96 .961 807 Aor Lo . 750 .355
1.354 8361 .936 .838 578 | 1.047 . 792 408
1.563 912 | .912 856 .655 | 1.02 L824 R
1.771 8871 .887 862 .T733| .978 849 .51k
1.979 862 | .86 .856 B13 | .273 806 .567
2.188 8381 .838 .838 8331 .ou8 871 .620
2.396 G2k 879 673
2.813 ) .865 LTT9
3.12% B8 .838 .838

TaITOTAL ADVISCRY B
COMMLTTEE FOR AERONAUTICS
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TARLE ITX
rmmvmmmnﬂmmGamlgamnmn.mmmvmmo.amm

[ralues moasured at o = 0% By w 0% ond By = 0“]

Balance Tab Transi- -] o [} a .} o o P, B, B P,
%‘/ct nasa nose | tiom ta Bl “iog| Theg ohf&f hfut Bte h"ﬁt ub‘bt Bte bef PRTat_ Rty Pk%r B"ﬁ,{'
shape gap | atrips
0.13% Plajn | Gealsd| On 0.10%5 { 0.0% | 0.020 | ~0.002% | ~0.0088 | ~0,011% | 0,0001 | —0.0012 | -0,0073 | .02k | 0,079 | 0.00% | 0,004 o.oig 0,0kk
Plain | Beslsd| Off 08| 062t o21| — -0na| -.038| .0003| ~.0026| —.0085| .030| .00 | 013! .007|%.018{08.0%
Plain | Open oo 105 | 053] JOlk] —~.0022] —,0084) -.0098]0 —0015 | -.0072] 026 ggg H11
Pilmin | Open orr 107 £016{ —0027| —.0100( ~-.0120} .0006| ~.0006| —.0086] .030| . .010
.35 Blunt | Open on 206§ .053 | OL4| ~,0022 | ~,0082 | ~.0108| .0006| —.0008 | —.0039 | .02k| .076| .0l2
Round |Ssalsa| On 05 | Lo 019 —.0006| —. ~.0115| .0006 | —.0006 | —00M9| .025| .080| .010
Round | Sealed | Off J12 | L0 020 —,0032 | ~.0109| —.0) 40007 | ~,000h | —,0059 | .031 oez 013
Romnd | Opsn On Aok [ ,053 | .otk | —,0022| ~.0079| —.0106 oooz -.0010 | 0090 | .026| .075( .om1
Round | Open ot 108 | .o%7| 06| -,0028| —.000% | +.0130| ,001L| —,000k]| —.0063| .030| .063| .009
E1liptieal  Open On 06 | 08| 0104 ~.0022 | —,0080 | ~.0092] . ~,00)2 | -.0056| .05 .076| .006
Etarp | Open On Jo7 [ L.osey 011 | -.0022 | —.0080 | -.00B9 |O —.0015 | —.006% | 026 .078| .006
»%0 Round |Bealed| Cn 109 | .05 08| —-,0029| ~,009% | 0120 | 0016 0005 | -0008 | .028]| .076| .012
Rond ] Boaled | Off 09§ 061 .02l | ~.0033 | —.0111 | —OL | 0020 | 0007 ] —000B ) .030| .0B6 | .0l2
Round | Open Cm LJo0h § 0% | 014 | -,0022 | 0078 —,0116| .0013 0006 | —001k | .02k| .07% | .01
Round | Open off 109 [ 0% | 019 —.0031( - - 0143 | 0019 g% -0012 | .031| .08% | .010
Elliptiosl | Opon on Jok | 0% ] L0010 ~.0082 —.% —-009y | 0015] . —.0037 | .02%| .07k ) ,00%
Bharp | Cpen on Lok | oM | 008 | —.0021 | —.0078 | —.0091 | .0006 | ~.0002 | —.005 | .024] .O7k ]| .00%

“Data nat presentad,

€097 ‘ON N.L VOVN

G1




| TABLE IV

GROMETRIC CHARACTERISITCS OF TYPICAL AIRFLANES

Control-atick length or control-wheel radiva, r, feet . . . . . « « ¢ « « « 1.33
Retio of control (stick ar vwheel) deflection to aileron deflectiom, ky . . 1.00
Ratlo of control (stick or wheel) deflection to tab deflection, k; . . . . ~0.333
T e e e e e ke e e e s s e e s s e s e e e aae 355
Root-mean~square aileran chord, Gy, feet . . + o v v v v v 0 o v 0 o ... Lb2
Wing span, D, £88t .+ & ¢ v v 4 4 b s . e v s e - s s e s s e e a s e 49,0

Wing area, Sy, Bquare £OOL . + « « + & 4 4 4 e s e v b e b s e b s e e s Loo

$ab5‘pan;bt;feete=esee=ee'ee:eeese-,--el,-e;-l- 2-38

Root-mean—square tab chord, Tip 6L . + v v = v v s s 0 s a0 000w . . 0.35%

Wing aspect Tat10, Ay o o v v v o w e e e s s s e e e e s e e s e e 6.0

Location of inboard end of aileron, b—;-é s e s e e e e e e e s e e .. s 0.58
Location of outboard end of alleron, ;;75 e e e e e e s e s e e s s D.966

Wing tepor Xatio, A & + « ¢ o ¢ o 4 ¢ w4 4 s 4 e s a e s v s e ns s 0,25

Wolght, DOURAS . + o 4 o « o o = o s o = = ¢ = « s 4 « 2 o s » s » » s = « 13,000

0.975
0.45
80,000

ot
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Fig. 3d NACA TN No. 1403

-8 2T Ig
——l
. | ——LH -0
4 a:/azo —i) O
== ] T Lo
’ : L
w0 - <
'\':4 ml _\(% ~ Iy "’—rl”‘_—"{;
LS W/—P’ B
3 an
NI
N
N
g &
N\ e =<
v -5/° ‘ A | gl o
§ 4\ a=5./ T o5 o]
S L —0 =2
g o | /EHJ’“F:‘} , 1 4 =
Y 4o : e
N S 1Y ? - —
Y _[E5- e
é G o= Of,dbg
v 20 S -5 Y,
R s > /5 o0 4
v -0 o J N 20 L—
“S 4 (a-0° l = f —
s 0 LT S R
S o P T e
° - /.O’ v v 2% 22 V' \ ‘ l' 4
S e i
_.8 /’b‘ e NATIONAL ADVISORY —
d co?umlzz roT A:no'mun;:s

20 -/16 -2 -8 4 0 4 g L /S &
Flop aerfection, 4, deg

(@) loraihar of /‘,??7 wi7h
flaure 3o- Corchiobd,



NACA TN No. 1403

A g _
iV [V mT
Pl A1l
17 .\m.-
ﬂ ) i
| f 3
A il
# ;
P! . gl i
AT el L 1T
pl | A a
‘ARP y (I
- ¥
7 7T 7
g 14 Pl o
7 7 y
R..&ﬁ &
R T T T S b S T I

Ko qusciaypoos fuioe-abuny w295 o

Ky panaiang oo prons dbuny voioas gz

Yoy YUY 1807 Binsesso-8ouDIOG Dgyy JUNINSEY

3 S w % 0¥
: ﬁ/ H 111
SFTee
A ki WZ;
i R | AN
N[N N
ﬁ I_r.., //,_Nﬁ /Mﬂ/
-
ﬂ;f no ﬁﬂ_za
LN A
b Ay % /n./wx
WANEN .
sl R RNAY -
N RNERNRN NAY
- %u AW ® s
AVERAN 1
> [k i
Y . | w
y_ i
: 1 i i Pﬁ ~
T R oY Y S ¥y T R OB R

2 n\bﬁ\&.‘\u& LY V295 f1G10

e 4 & [f2 B 2

Flap deflection, 8 , deg

& -8 o

R0 #

|

20
Figore .- L7icn ayogimame charenyerasiios of modified NACA 65012 awitn mi 0.25 Fiap o’ O 256 70b.

o £ &8 k2 K

Flop deflection o ,dey

4

a6 nase shpe , ol ; 705 gon, seaed; Bnsvivan JInps gty &, 0%

2y W A2 &



Fig. ba

NACA TN No. 1403

7 Filr il ATEITIR
{7V 7 f 7 N
Ay A
.\ \ \\ Y, \\\ Y]
®i Y4 8allri 1% :
K!Nlm\\ FZiymmaggnin o k]
N [ 4 n H 9 ¥ w,
LT A7 7 mm <& N
: Iy 1 I
gL i ¥}
d 7 m a;m.,
E A | vg S
ATATAPIPIR, ¥y o3 3
/1 /1] N
& V. K _.‘ L8] .M
/ Lﬂ\ AV VYA T X
Y o o ) ¥ O 1. ,w
FAVATAVAVAV AVAIAd . 1Y S
{ v Q HL.JM. £ H & & L. | m ww
 moNn oy s v %N i T T S T 33
Ay < puarnofpo0s puoannir-sbiy sryoos doyy Yo quorangyoos qunsodrabiny WOIIAS B o W .W.
]
Ut o900 8insoent-2ounypy dbfy JuoynSEY a..M .m
_ S T T Y . T B /a,m
4% 14 NN 25 .— _ ﬁmF [ L[] N /,dm
SRe I |- >
R 2t SRR EREDR W D 3 |
. /. ) QM hapdoOdavd N .
ERRNGNNN § | @
NN N DN W © .
RRRERY y 33
1 I 3 4.% ,M
ﬂ. N o.m ~
ﬁ.,_ M . F? . NN 4M ,W
“ /mur \ P M.. M
h, NN N oy .
_ % NS PYAR AR \ ¥ [
NN DN NN WAV _.W
X K A LY
s X\ AR WANE
IR | 9

4

Q% W

- N 2 ™ o ow % ¥ O

22 CHIHNIALIPOT LIl HOLIPE JIOLNY



-_—

NACA ‘TN No. 1403 Fig. 5b
. . | | S
HAvla IAEETE" 1IN
R . [V JINiNAY e
AL PR 49 PiPle ¥ 4
&"_m [ JUYY T AN 1w
\,n . n\m x\.\.\m:. mJ )
/ ]
a2 . Hog
] . N
7 ¥ im 1
. {1d 7 o S
AU 4 R
L. Jaldva d v s
S EwROn: i1t &
L 4 4 : $
WA ViTivivi/p AT P -
A U { o SLUA/Y N
V I LA A A/ NIV T ¥
£ T R o _*ﬂ ©
VAAAA S ( / / R
Fedddd b RSN .
S v R N S % % % NN S R s oY 3}
Ao quaranpoos guaowr-obuny wolysss doyy 2 ¢ qrononfo0 Juom- bty wosas qof M/J.,W
Sy LUDIOYJIOD dINSSINS-ZIULYOG DYt LUOLINSEY .a» &
, T ¥ s v oo oyowon o Ry
43R ~ Q
Viaw M .
_ NI N3
/N N 1 &/W?_-_ _:_JOJ S N
¥ 4 RAT hapoondav 4 =
AN N %
AR AR ] &
4§ ﬂ7.’ Ny 4#
RS NN R EN
S m.,
N/S/fﬂ . //swm,ﬂ 4W
& SAY &
NN NN AN
N NN N
g N A N A
% 10 Mv# 1)
\ h_ i '
AYES b bE[s L3 N
_ 1 _

NN T S B T R Y T
Lo quaroif 202 L1 €oyIP8 (1940



Figure § ~Conciuded,

Fig. 5c¢ NACA TN No. 1403
PR : L
- ¥ S Lo ol o
. \ [ \u L/ ) \ LA / %
. 4 3 14-L o ol
ar. v, Iwngy m "1
. am, /] -
AT Nv ﬁm-g@
wommmmm Al w[ .lxmﬁ ,af.,
A » s I ra S EE LG S
J ....\mmu\\ v m A1 N
e, . 4 W&
Il._..lf.n.il ) ~ H 4 W\A i .I.Al: ”F....
oS - ] . v ¥
bl J17ILf &
P 77 ] _ gyl N
1 PRATATAMEN d ALY 1/ ] oy
Yol Wﬁ L 1/ *
Bw\ p _—L. K_K ; - 1T )
4 .\\ \\ mw \ "
74 / SR R o
| 1] N 3
mMRN S T Y% M % NN R R R TR ;
Kooty 1oos tusaou-2buty wollass day s Ko LN y0D JUiliilr-By L0225 GBY 3
KLy UUBIIY OO OIS BN -BIULY G TLY) LU
, PR S T YR B . %
R QRN T I N
HRRE R
LT 1 W IR : N
mwmw | BN ,VA, g_v_m,voOuaq.u 4t
/ W:“ﬂ . .. - MW . | 4 T ’ ﬂw m.
N %fﬁ. N - T 14 b JT.M,
— Mﬁ bﬁ” D N - num
I7h RN RN S
- ) Nﬂu/n[ — ~ W IR Mr
S/l g RN T T T T T RN T S
N N NN TN [T
s N T N\SEEEN
BN . AR i 5
A AR TR
[+ TP TR
Y Y Y w9 v v o N

] H
22 FLUI1LSPOD L1l UOIIIRS f10flY

e =

il

A

_I.!h.l. .



| .
p S 4
R
L~ ) Ry
e Pamrs B N
-..'6 Hb M :(/ ﬁ ‘s 2 0-._‘— (L Ah
. - X .
g AR ;
\ "y - .
"% ; rr\‘;’\n_ b
w2 (/4
§ / <« [~ .
P K ﬁ 1/ Ay § =/ "‘AL r‘;CL\h-r‘ 1 \'d
3 V¥ i AT
.. i & o 2 -~ ol
S A Vi M) A,
T - & LA
X e £ 7
3 AW 2
N i T eyl
- S
‘TF PrLdE“ g & J
5 8 ]
-.g w/ NI/ / }"" 8 |5 ‘$
A 4 3 3
B IR ] B8 2
t/ 19 § RS
: /ﬂ(‘ﬂ/ 0 3 / . M AR
4 v § E ' ‘ P
/}))/ZW 2 /g —1L4 3 ) /] - [ h\.+_;|~ . \
/3,)5(:(‘# Q é\ b o S - Y
A 2% 3 Crta ol T
AN 5 3 Pl
st J.% § 2 -
2 9 mm1
& S i A
.. 20 A S22 -8 A [ 4 8 12 B 2 <0 4 42 8 J L 8 12 /5 20
Flop dafleckan & den ' Flon deflection dr den
Flop deflechan, & deg lop deflection, dr , deg

Faqure 8- Secivan aemgfrionne charoclyrsivos of moaiied WALA 63,02 ariaw with 0.25¢ g and 0.29¢p fab.
Tad nose. sbape, plan ; 796 Jop, Qus; ravasidkan oteps ofF; &, 07

€0%T "ON N.I. VOVN

9 "3
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Fig. Tc NACA TN No. 1403
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NACA TN No. 1403 Fig. 8a
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Fig. 8b NACA TN No.
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NACA TN No. 1408 Fig. 8c
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Fig. 9 NACA TN No. 1403
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Fig. 13c NACA TN No. 1403
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Fig. 14b NACA TN No. 1403
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Fig. 15 NACA TN No. 1403
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NACA TN No. 1403 Fig. 18c
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Fig. 19a NACA TN No. 14083
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NACA TN No. 1403 Fig. 20
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Fig. 21 NACA TN No. 1403
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NACA TN No. 1403 Fig. 22
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Fig. 28 NACA TN No. 1403
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Fig. 25 ' NACA TN No. 1403
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Fig. 27 NACA TN No. 1403
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Fig. 29 NACA TN No. 1403
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NACA TN No. 1403 Fig. 30
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Fig. 31 . NACA TN No. 1403
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Fig. 33c,d NACA TN No. 1403
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